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Hazard Identification and 

Risk Assessment Branch 
2151 Berkeley Way OT 
Berkeley, California 94704 

April 6, 1992 

Air Monitoring for Holinate during the.1992 Use Season 

Recently, you were notified by the California Department of Pesticide 
Regulati,on (DPR) that the Hazard Identification and Risk Assessment Branch 
(HIRAB) of the Office of Environmental Health Hazard Assessment requested air 
monitoring for molinate during the 1992 use season. This memorandum is to 
inform you of our reasons for requesting the air monitoring. 

Recent worker monitoring suggested that volatile molinate vapors 
released when the bags of the pesticide are first opened are as much of a 
problem as dust (ICI Americas, Inc., 1991). In an effort to reduce potential- 
exposure, the use of 1500-pound bags has been approved by DPR for the 1992 use 
season. With the concentration of the mixer/loader activity into relatively 
few sites, due to the logistics of the heavy equipment needed to handle the 
1500-pound bags, the mixer/loader sites could act as stationaty point soutces. 
These sites should be monitored accordingly to determine if this is ttue. 
Additionally, monitoring should take into account'the hours of operation at 
the site. 

HIRAB is concerned that community exposure to molinate could be 
occurring. Molinate has been shown to cause adverse reproductive effects in 
rodents. Residents living in homes that are surrounded by rice fields may be 
at highest risk from potential reproductive effects because they could be 
getting high, short-tens exposures to molinate from potential point sources 
(e.g., mixer/loader sites), as well as lover, 
area sources (e.g., treated fields). 

longer-term exposures from large 
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We are aware that some air monitoring of molinate was done in the 
Sacramento Valley in 1986 by Seiber et al. (1989). but we believe that the 
study is~ insufficient for the following reasons. The study targeted methyl 
parathion use. rather than molinate; therefore, the data was collected from 
mid-May to mid-June. three to four weeks past the peak molinate season which 
occurs in mid- to late-April. The Seiber et al. monitoring sites (located in 
towns) were not as close to the rice fields as many homes are. Furthermore, 
the highest molinate values were obtained on day one of the study and declined 
steadily thereafter, so the peak concentrations undoubtedly were missed. 
Additionally, because of recent changes in application techniques and field 
practices (e.g.. increased holding times of field water before draining into 
the Sacramento River), the 1986 field data may no longer be applicable to the 
current use scenario. 

Because of these reasons. we recommend that additional community 
monitoring be performed. In fact, the conclusions of the Seiber study, 
published in 1989, that "molinate levels are in a concentration range that is 
comparable to that observed for many other organic pollutants in ambient air" 
and that the health risk of airborne residues to populations "does warrant 
further attention" seem to support our recommendations.. 

Because reproductive toxicity may occut from peak, short-term exposures, 
ssmpling,shculd'characterize peak and short-term levels in addition to the 
usual longer-term time-weighted average approach. We recowaend that stations 
be set up among fields in a large treatment area during and immediately 

.following molinate application. Obvious choices for monitoring sites would be 
hones that are located among the rice fields, since residents of those homes 
would be at highest risk from adverse reproductive effects. If the molinate 
values there appear to be acceptable from a public health perspective, then 
they should be acceptable in communities located further away. Because 
molinate is so volatile, attention should be paid to the effect of ambient 
temperature, solar effects, wind speed and air stability on monitored levels. 

We realize that the 1992 molinate use season is quickly approaching. We 
hope that every effort can be made to commence monitoring in mid-April. If 
you have any further questions, please contact me or Dr. Michael DiBartolomeis 
at 510-540-3063. 

Thalk you. 

CC: Lynn Baker, Air Resources Board Jim Wells, Director. DPR 
Michael J. DiBartolomeis, Ph.D. Larry Nelson, Ph.D., DPR 
Anna M. Fan, Ph.D. Doug Okumura, DPR 
Donald C. Nengle. M.S. Ron Oshima, Ph.D., DPR 
James W. Stratton, M.D., ?i.P.H. John Ross, Ph.D., DPR 
Joy A. Wisniewski. Ph.D. 
George Alexeeff, Ph.D. 
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Protocol for Molinate Monitoring in Sutter 
or Colusa County during May 1992 

I. Introduction 

The Cal/EPA Office of Environmental Health Hazard Assessment (OEHHA) has 
requested that the Air Resources Board (ARB) conduct air monitoring for the 
herbicide molinate (Attachment A). In response to this request, staff of the 
ARB will conduct a 4-day source impacted ambient monitoring program for 
molinate in Sutter or Colusa County following an aerial application of 
molinate. In addition. ARB staff will collect air samples during the opening 
of a 1,500 pound bag of granular molinate and the loading operation of a hopper 
or airplane tank. 

Molinate is a selective herbicide used to control watergrass in rice fields. 
Its peak use in California is in Colusa, Butte, Glenn, and Sutter Counties 
during the spring months (usually April and May.) Molinate is applied as a 
granular formulation. Results of the monitoring will be evaluated by staff of 
the OEHHA and the Department of Pesticide Regulation. 

II. Samolinp 

Air sampling will be coordinated with the Sutter and Colusa County Offices of 
the Agricultural Conmissioner. and an applicator in one of the counties. Prior 
to application, background samples will be taken to establish if any molinate 
is detectable. A meteorological station will also be set up to determine wind 
speed and direction. 
sampling period. 

This station will continue to operate throughout the 
Samples will be collected with XAD-2 adsorbent tubes. 

Ambient air will be pulled through the sampling tubes at a flow rate of 
approximately 2 liters per minute using battery powered pumps. A few duplicate 
samples will be collected from each sampler for quality assurance purposes. 
(Duplicates at each sampling location will not be collected due to analytical 
constraints.) A sketch of the pesticide monitoring apparatus is presented in 
Attachment B. 

Calibrated rotameters will be used to control sample flow rates. Samplers will 
be leak checked with the sampling media installed prior~to and after each 
sampling period. A field log book will be used to record sample start and stop 
times, duration of the aerial application and tank loading operation, sample 
IDS, any change in the flow rates, and other pertinent information. 

A. Aerial Aoolicatiea 

Two samplers will be used: 
one 15-20 yards downwind. 

one 15-20 yards upwind of the field and 
These distances are approximate and 

dependent on the physical obstacles surrounding the field. 
Information on field size, application rate, and formulation will be 
noted in the log book. The sampling schedule is listed in the 
following table. (The sampling design and schedule were. prepared 
based on reconraendations from staff of OEHHA and differs somewhat from 
the application sampling schedule outlined in ARB's "Quality Assurance 
Plan for ,Pesticide Monitoring," enclosed as Attachment C.) 
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x 
Samolim Schedule . . . - 

Background sample (1 hr. sample prior to application) 

Application + 1 hr. after application (combined sample) 

2 hr. sample (from 1 to 3 hrs. after application) 

6 hr. sample (from 3 to 9 hrs. after application, or to early 
evening) 

12 hr. sample (to 24 hrs. after application begaq) 

12 hr. sample (early morning to early evening) 

12 hr. sample (early evening to early morning) 

eaya' 

12 hr. sample (early morning to early evening) 

12 hr. sample (early evening to early morning] 

12 hr. sample (early morning to early evening) 

12 hr. sample (early evening to early morning) 

* Schedule subject to modifications depending on 
time and day of week of application. 
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B. ha Ooenina and Tank Loading 

Battery-powered samplers will be set up prior to opening of a 1,500 
pound bag of granular molinate. Air samples will be collected'from 
the time the bag is opened until the loading of a hopper or airplane 
tank is completed. Two to four samplers will be set up approximately 
15-20 yards upwind and downwind of the tank loading operation. Air 
samples will be collected during two loading operations. 

III. &alvsis 

All samples will be stored in an ice chest or freezer until analysis. Analysis 
of samples will be performed by the Department of Environmental Toxicology, 
U C Davis. The analytical method is gas chromatography using a 
nitrogen/phosphorus detector. The analytical procedure is described in 
Attachment D and will be fully documented in the final report. 

IV. plbawv AssuranE 

The instrument dependent pa&meters (reproducibility, linearity and minimum 
detection limit) will be checked prior to analysis. Sample collection 
efficiency, stability, and recovery will also be verified based on spiked 
samples. 
the field. 

Sampler flow rates will be calibrated prior to and after sampling in 
Blank sampling tubes will accompany each batch of samples from the 

field to the lab prior to analysis. 
all samples. 

A chain of custody sheet will accompany 

~~ ARB personnel will consist of Don Fitzell (Project Engineer) and Jack Rogers 
(Instrument Technician). 
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‘State of California 

MEMORANDUM 

To : Peter Ouchlda /?y 
Manager, 
Testina Section 

Oate : May 21, 7992 
Subject i Amendment to Mollnate 

Protocol 

Don Fltzell H 
Assoc. Air Pollutlon Spec. 

From : Air Resources Board 

: 
Lynn Baker has asked to modlfy the mollnate protocol after meetlng’wlth 
DPR and OEHHA. IJCLY has agreed to analyze UP to 50 SampIeS now, so the 
request Is reasonable. 

. 

The changes result In the following sampltng program: 

Aoollcatlon Monltorlm 

Two samplers, one 15 yds. upwlnd. one 15 Yds. downwind of the field. 

Y of 

Background sample (1 hour sample prlor to appllcatlon) 2 
Appllcatlon + 1 hour sample 2 
2 hr. sample (from 1 to 3 hours after appllcatlon) 2 
6 hr. sample (from 3 to 9 hours after appllcatlon) 2 
12 hr. sample (to 24 hours after appllcatlon began) 2 
12 hr. samples from then until study~ Is completed 96 12 
hours (four days) after appllcatlon began. 

-z 

Two samplers, one 150 yds. upwlnd. One 150 yds. downwind of the field. 

Y Of 

Background sample (1 hour prior to application) 2 
Appllcatlon + 1 hour sample 2 
2 hr. sample (from 1 to 3 hours after appllcatlonl 2 
6 hr. sample (from 3 to 9 hours after application) 2 
12 hr. sample (to 24 hours after appllcatlon began) 2 
24 hr. samples from then until study Is completed 96 6 
hours (four days) after aPPllcatlon began. 

16 
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&&lent Air Monitoring 

We have been asked to set up two ambient air monltors, one In Wllllams 
and one In Maxwell. Both will be AC powered and 24-hour long. Two 
sets will be taken the week of May 18-22 and three sets during the week 
of May 26-29. 

Williams 
Maxwe I I 

.’ 
:’ 



APPENDIX III 

t.AklRATDRY REPORT 



*, * 1 

APPENDIX III. 

L7NIVEXXR'OFCALlFOEQJIADAVLS 

COLLEGEOFACXUCUL-ANO 
WRONMnTThL~cET 

AGRlcuLNRALEXPERIMENrsrAt7oN 
01hm7-llQ 
F.4%WVSZ-15-?4 

Dm~~OFPToxlco~ 
oAns.cAL(FoRKuY%16 

July 10, 1992 

Mr. Lynn Baker 
California Air Resources Board 
Toxics Pollutant Branch 
P. 0. Box 2815 
Sacramento, CA 95812 

._ : 

, 
. . 

.: ., 

Dear Lynn, 

. . :_. 

. 
Please find enclosed the resulti of the mol5.na&-XAD resin"&' 
samples. Also included are the AR3 resin spikes, pre:extraction:.' 
recovery spikes, run spike and the original protocol. 

The results of the APB resin samples are located in Table‘l. The 
AR5 resin spikes are in Table 2. while the pre-extraction;.lab 
spikes are in Table 3. ,:. '., 

There were only a few samples that 2-oxo-molinate was found above 
the-limit of detection (<0;06 pg/.sample). 
urszgnlficartt and are not reported. 

These results 'wkre 

request. 
X?wever, they.are available on' 

._ ..I :: ::. : 1 : . . . >;&FZ..: .. ..' 
There are some modifications made Fn the original protocol and are 
noted in Section 5 of the include protocol. The column used for 
analysis was a DB-5 15 m X 0.53 mm capillary column purchased from 
J &' W Scientific, Folsom, CA. Column temperature was programmed . 
from 140 'C to 160 'C @ 4 'Cjmin 

Please give me a phone call if you have any questions. 

Best regards, 

7p&p&ggL 
Staff Research Associate I 

enclosures 

cc: J. N. Seiber 

>.--~ 
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SAMPLE 
1N-l 
1-S-I 
I-s-2 
2-N-l 
2-N-l-2 
2-N-2 
2-N-2 
2-s-l 
2-s-1 
2-s-1-2 . 
2s2-2' 
W-1 
3-N-2 
X-1 
3c-2 
4-N-1 
4-N-2 
4-s-l 
e-2 
S-N-1 
5-N-2 
54-l 
s-3-2 
W-1 
6-N-2 
64-l 
6-s-2 
7-N-l 
7-w 
8-N-l 
8-N-2 
SS-1 
8-s-2 
9-N-1 
9-s-1 
10-N-l 
IO-N-2 
loa-1 
E-s-2-2 
E?-s-2. 
11-N-l. 
II-N-I 
11-s-l 

Table 7. - Samole Results (total UQ in samDIe) 

MoIinaco (IL& 
tEP1 REP2 REP3 II 

=dad 
Av@zl-aee < 0.06 1 

< 
0.06 Dcviatim 

< 0.06~ < 0.05 1, 0.00 
021 

< 0x6 
208 
21s 

c 0.05 
< 0.06 

0.60 
0.09 
0.61 
0.13 
250 

< o&i 
o.ti 
~0.06~. 
636 

< 0.06 
.l.2% 

C 0.06 
14.27 
0.85 
3.78 
0.82,: 

'11.61 
0.86 
265 
za 
3.38 
SSO 
0.43 
126 
9.23 
735 
214 
9.69 
0. IS 
4.06 
7.79 

10.44 
9.73 
5.91 
5.97 

11.89 

0.22 
c 0.06 

206 
2ls 

co.ol- 
< 0.06 

0.60 
0.10 
0.63 
0.14 
251 

c 0.06 
0.80 
0.07 
6.69 

c 0.05 
l-20 

< 0.06 
1433 
0.85 
3.73 
0.8-O.;: 

11.31 :. 
0.11 ._ 

IL26 II 
0.82 
278 
x37 
3.45 
5.18 
0.46 

-I-= 
931 
7.48 
215 
9.17 
0.17 
4.17 
a.09 

1O.M) 
8.96 
6.14 
6.01 

11.81 

0.01 
0.0 
0.01 
0.05 
0.00 
0.00 
0.01 
0.01 
o.co 
0.00 
0.03 
0.00 
0.g 
0.m 
024 
om 
0.64 
0.00 
Ofi. 
0.01 
om' 
0.02 : 
O.lS 
0.04 
0.06 
0.02 . 
0.04 
0.49 
0.02 
O-02 
0.24 
0.24 
0.01 
033 
0.01 
0.10 
0.26 
0.26 
0.43 
O-60 
0.I.S 
1.18 
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Table 7. San-de Results (total UP in sample) 

II 
MoIinnts (rg) 

II S& 
SAMPLE REP1 REP2 REP3 Avomeo I DCViRtiCXI 
I-M II L74 L-74 l-73 II 1.74 1 0.01 
1-w 
2-M 
2-w 
3-B 
3-u 
3-bf-2 
3-w 
4kl 
4w 
4-W-2 
5-u 
5-W 

207 
5.78 
0.94 

< 0.06 
536 
6.73 
2s 
2-x 
274 
276 
357 
1.48 

2.12 
s-78 
0.91 

< 0.06 
5.83 
6.X 
257 
282 
269 
280 
3.60 
1.4s 

* 1.63 
4.69 
0.97 

c 0.06 
5.92 
634 
248 
261 
248 
274 
3.45 
1.47 

0.22 
032 
a&! i .,: 
0.00 : . . . 

.0&s : o.Jp.;.. ~_‘, 
0.04 
0.06 

. 0.11.: 
o.oi’:-. 
0.06 ... 
0.01 

.“, ;. : ‘..:-*.;;. . 

pM¶ 2 ARB spike Rau1t.s btaI pe in sample) ; . . 

!. . . 

. . 

. 
0.01 

Tab10 3. uolinafo spike aad Bhk Resin 
-(~cmaftsd~nmwilh~lcs) 

SAMPLE RPL REP2 -- REP3 Avonwo St Dw 
2ougAR 

II 
1.79 1.81 1.73 II L-78 0.04 

RES BLkC c 0.0.1 < 0.0.1 < 0.0.1 < 0.0.1 < o.a.1 

Table 4. I’m extmction Raoverv Study Spiked u 0.25 m 

k==- -Tf) 
1 2 3 4 5 hvemes Std. D&ion 

-. - -_ . 86.6 - -.___ 91.0 . _ .90.8 _ _ -96.2 --._ 97.6 _. _. ._. .924 _- -3.7. - 1. 



J. N. Seiber 
Bnvir. TOX 
U. C. Davis 

Protocdl for Molinate Air Samples with Commercial Samplinu Tubes 

1. storage 

Store all samples at -20 l C until the 
Record all sample labels in notebook., 

2. Rrtraction 

time of extraction. 
.:, 

:: 

1. 

2. 

3. 

Break open top part of.glass sampling tube. 

Remove glass wool and add to 15 ml Centrifuge tube. 

Add contents of sampling tube, including foam partition to 
centrifuge tube. 

,.. 
4. hdd~ 3 ml ethyl acetate'%0 centriftage.tube and vortex for 

2 minutes. 

5. hansfer ethyl ,acetate' to ,a second graduated centrifuge 
tube with a disposable pipet. 

6. 

7. 

Repeat steps 4 k 5 3-time% 

Concentrate combined ~etbyl. acetate extracts ti an 
appropriate volume:+ for++alysis;~~:nsing a nitizogen 
evaporator. 

8. Include a solvent blank and resin blank. 

9. Include spikes, 3 replicates, at 1.0 ugmolinate, if ex%% 
control resin is provided. 

. 

3. Analysis 

1. Range find using a Hewlett-Packard 5710 gas chromatograph 
with a nitrogen-phosphorous(N/P) detector and a 30 DE-1 
megabore column. 

2. Record the total volume of each sample. 

3. Transfer 1 ml of each sample to Hewlett-Packard 7673 
autosampler vials. 

. -.. --_ .-_. 4. Analyze each sample using aXewlett-Packard 5890 series II . 
gas chromatograph with a N/P detector and an appropriate 
30 meter megabore column. 

1 



J. N. a 
Envir. TOX 
U. C. Davis 

5. analyze e&h sample 3 
standard cUrVe , using 
following manner: 

times using a .5-point externai 
a liiieax regression, in the 

a. The total number of samples will be divided into.&ee' 
groups (groups A,B and C]. 

b. Standard curve checks will be M after every fou&h 
sample. 

c. Each group, with the appropriate number of standard 
curve checks, will be analyzed with three different 
standard ourves, in the following manner: .." 

1). run standard curve; 
2) - analyze group A, first time. _ .,. . 
3). replace standard curve 

.~ 

4). analyze group A, second time. 
5). replace standard ourve~ 
6). analyze group A;third time. 

d. repeat for groups B and C. . . . . 
e. The analysis of each sample will be considered valid, 

if 1) the correlation coefficient value is greater, 
than 0.999 and:2).the standard CuNe check has less 
than 51 MxfatLon from the standard ourve. 

6. Check each sample for the presence of 2-oxo-molinate. 

7. Quantitate the amount of 2-oxo-molinate, if found. 

4. Report 

1. The total number of micrograms of molinate in each sample, 
average of three replicates, will be reported. 

2: report the percent recovery for spikes, if resin was 
provided. 

3. Report the amount of 2-oxo-molinate, in micrograms, if 
present.' 

. --- 5 .---- Deviations from Protocol-.- ----'- --. 

Section 2-8, There was no solvent blank run during sample 
analysis. Only solvent blank to be run was 

2 
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J. N. +Sehv,y 
EWir. Tax 
U. C. Davis 

during the pre-extraction lab spike and 
recovery study done 12 hours prior to i&s 
extraction of the samples. 

Section 2-9 A spiking study of S replicates spiked at 0.25 
,ug in each sample was done i2 hours prior.to"':-', 
sample extraction. ... ;.: 

. . : 
Section 3-5 Samples were analyzed using a 7-point linear 

regression standard curve rather than the 
stated 5-point standard curve. 

Section 3-7 Samples were analyzed for 2-oxo-moliuate. ' 
However, the,quantity found was less than 0.2' 
pg total in each sample and those results are 
not included in this report.. 

. _, I,._” 
‘..;A : ..a 

..“.’ 

- 

-. . 
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t~nnmrd ro*ob*, end C~<“wryl. vol. *. w. Jii-s*. 1989 07103268/m r,.m . .m 
Pl;nwd in Ih< USA. P<rwno” Prcsl $c C.Dy’ighl 6 ,989 SETAC 

AIRBORNE RESIDUES RESULTING FROM USE 
OF METHYL PARATHION, MOLINATE 
AND THIOBENCARB ON RICE IN THE 
SACRAMENTO VALLEY, CALIFORNIA 

JAKS N. SEIBER,* MICHAEL M. MCCJZNEY and JAMES E. W~XIDROW 
Dcpartmcnt of Environmental Toxicology, University of California. Davis, California 95616 

(Rcceivtd 11 August 1988; Accepted 5 January 1989) 

Abstnct-In corn-&ion with rquircrncnts of California’s Toxic. Air Contaminant Act, 24-h 
ambimt air samples were collcned using an XAD-4 rain trap technique capable of simultaneously 
collecting mcthyi parathion, methyl paraoxon, molinate and thiobmcarb. SampIing was mnductcd 
on rooftops of public buildings located in four towns in two countics where methyl parathion, 
molinate and thiobencarb were used in significant quantities. and at a background site located in 
a county where no use occurred. for four inter&s each week for 5 weeks during the springtime 
application p&d of 1986. Satisfactory twzovuics fgrcatcr than 66%) were obtained from dy&nic 
spiking cxperimmts. and the p&ion from field rcplicata was consistently less than 50% rcla- 
tive standard deviation osing a pmtca4 designed to aoxmmodate a large number of samples. Daily 
maximum avetagc conceutrations (and the range in avaagcs for all sites over the 19 and 2O.sam- 
pliog days in the two-cotmty use area) wax 25.7 up/m (0.242 r&n’) for methyl patathioh 3.1 
np/m’ (~0.548 ng/m’) for methyl paraoxon, I.720 ng/u? (60650 ng/$) for moEnat& and 2% 
rip/m’’ (12.9-67.8 rig/m ) for thiobencarb. Concentrations correlated well with rcportcd uses of 
methy parathion and molinatc in the gcncral vicinity of the sampling sites. The iikciy sources of 
o&cd residue l&s. based upon the method of application and pesticide physicochcmical prop- 
erties, were spray drift during application for methyl parathion, wpor-phase oxidation of parent 
thion for methyl paraoxon, and postapplication volatilization from field water for moiinate and. 
thiobcncarb. 

Keywords-Methyl parathion 
Pesticides 

Methyl paraoxon Molinate Thiobcncarb Rice 

INTRODUCTION 
Pesticides may enter the atmosphere as drift 

during application and by volatiliition or wind 
erosion of deposited residues. Quantitation of these 
routes of environmental entry to the air, though 
difficult. has revealed a dependence on such fac- 
tors as the method of appkation, type of formu- 
lation, pesticide physicochemical propct-tics and 
meteorological conditions at the application site 
[l-4]. For surface-applied pcsticida that arc rela- 
tively volatile and stable, volatiIiza.tion is often the 
most significant dissipation process in residue de- 
cline 15.a. The ambient distribution and pcrsistmce 
of airborne residues has received less attention, 

*To whom correspondence may be addressed. 
The statements and conclusions in this report arc 

those of the authors and not necessarily those of the Cal- 
ifornia Air Resources Board. The mention of commcr- 
cial producrs. their sourn: or their UY in connection wirh 
material reported herein is not ro bc construed as either 
an ncmal or an implied cndoncmcnr of such producrs. 

particularly over broad geographic areas of heavy 
use. Most published cxampi~-2,4-D m, various 
insecticides [S-IO], DEF [II]. atrazine [12] and 
MCPA [13]- have relied on a relatively smaU 
number of samples and/or sampIing sites to gen- 
crake about temporal or geographic trends in 
airborne residue concentrations. The expense of 
collecting and analyzing large sets of air samples 
and the nonpoint nature of the source Limit the 
amount and quality of published data. 

There has been renewed interest in California in 
the subject of airborne levels of toxic chemicals, 
including pesticides, as reflected in the recent pas- 
sage of the Toxic Air Contaminant Act (AB 1807). 
This measure includes a requirement for derermin- 
ing which pesticides are toxic air contaminants and 
the appropriate degree of control measures needed 
[14]. To fulfill this requirement of AB 1807, state 
regulatory agencies must conduct sampling of can- 
didate pesticides in geographic areas of significant 
use to ascertain atmospheric concentrations and 
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distribution patterns in relation to potential human 
exposure. and then conduct risk assessments based 
on these results and toxicoloeical data. The design 
and performance of a samping program capable 
of fulfilling AB 1807 requirements for pesticides 
are the general subjects of this report. 

The AB 1807 target pesticide in this pilot study 
was methyl parathion (O,O-dimethyl O-p-nitro- 
phenyl phosphorothioate), an organophosphare in- 
secticide used to control shrimp in rice fields in the 
Sacramento Valley. Air sampling was designed to 
include molinate (S-ethyl hexahydro-lH-azepine- 
I-carbothioatc) and thiobencarb (S-[4-chloroben- 
zyl]N,Ndiethylthiolcarbarnate), thiocarbamate her- 
bicides that are applied to control graminaceous 
weeds in rice during the same springtime period 
and over a similar geographic area as’for methyl 
parathion. Four-year annual use data for these 
three chemicals on rice, which reelect primarily 
uses in the Sacramento Valley, are listed in Ta- 
ble 1. For motinate and thiobencarb, Table 1 shows 
essentially all of the use of these chemicals in the 
Sacramento Valley, because their only application 
in the Valley is on rice. For methyl parathion, the 
usage on rice (Table 1) represents an estimated 
one quarter of all uses in the Sacramento Valley 
throughout the year, but a major use of this chem- 
ical is in the May-June period. 

Specific objectives were to (a) design sampling 
and analytical procedures for quantifying these 
three pesticides, along with the oxon conversion 
product (0, Odimethyl O-p-nitrophenyl phosphate) 
of methyl parathion, in a large number of 24-h in- 
terval air samples; (b) develop quality assurance 
protocols to provide confidence in the resulting 
data; and (c) test the methods in an area-wide sur- 
veillance by which levels of exposure could be de- 
termined for eventual use in risk assessment. We 
were aiming for methods, results and data interpre- 
tation that could be applied to other pesticides in 
other locales of interest in the AB 1807 process and, 
potentially, to other trace organic air contaminants. 

METHODS 
Sire selecrion 

The highest density of flooded rice fields likely 
to be treated with methyl parathion during the 
1986 growing season, during which sampling was 
to be conducted, was determined to be in Colusa 
and Sutter Counties, based on use records from 
prior years (Pesticide Use Reports, 1983-1985 1151). 
Sampling sites were considered in each county 
using the criteria that they be within significant 
population centers, near rice-growing areas, acces- 
sible to project personnel, free of large obstruc- 
tions that might void the U.S. Environmental 
Protection Agency’s ambient monitoring criteria 
(40 CFR 58 116)) and capable of providing electri- 
cal power outlets. Of approximately 12 candidate 
sites, 2 were selected in Colusa County (rooftops 
of the high school in Maxwell, and of the city hall 
in Wiams) and two’in Sutter County (rooftops of 
the elementary school in Robbins, and East Nico- 
laus High School in Trowbt-idge). A background 
site that was at least 20 km from rice fields likely 
to be treated with methyl parathion, molinate or 
thiobencarb was established on the rooftop of a 
utility building on the University of California- 
Davis (UCD) campus in Yolo County. A map in- 
dicating the location of the five sampling sites in 
relation to rice growing areas is shown in Figure 1. 

Sampling equipment 
Each sampling site was equipped with a mast 

consisting of a 2-m aluminum rod (1.27 cm diatn- 
eter Labrack) attached to a ring stand and secured 
with guy wires. Fixed to the vertical rod was a 
horizontal 2-m length of aluminum rod, to the 
ends of which were attached sampling cups 
(described below) and in-liner flow meters (Mode1 
VFA-21, Dwyer Instruments, Michigan City, IN) 
as shown in Figure 2. Each sampling cup-flow 
meter combination was attached with 125 cm 
(o.d.) Tygon tubing to an acrylic plastic manifold 
fitted to the intake of a high-volume sampling 

. 

Table 1. Reporred uses of molinare. methyl parathion and thiobencarb on rice in California 

Methyl parathion Molinare Thiobencarb 

ha kg ha kg ha kg 

1983 31,174 24,062 90,688 42 I.766 36.032 19,3.(4 
1984 43,725 33.596 158.300 695.074 36,437 160,262 
1985 28,745 21,338 117.409 516,198 46.988 215,650 
1986 29,lSO 19.068 120.243’ 549.340 39.271 135.214 

Data from ref. 15. 
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Fig. 1. Map of rice growing area of the Sacramento Valley, California, showing locations of principal canals and 
rivers, and of the locations of Maxwell. Williams. Robbins. Trowbridge. and Davis. where air samples were coUmed. 

pump (either a Model U-I/AT from BGI, inc., open or unused to provide an unobstructed air 
Waltham, MA, or a standard model from Bendix inlet to cool the motor. Air flows were set to 
Corp., Baltimore; MD). The manifold had three approximately 50 L/min Through each sampling 
or more outlet ports, at least one of which was left cup by adjusting the flow meters. 
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Fig. 2. Schematic of mast assembly used for simuha- 
neously collecting two air samples. 

The mast at the Maxwell site was configured to 
support three rather than two sampling cups 2 m 
equidistant from each other. This site also had 
some meteorological equipment for wind direction 
and windspeed measurements (Wind Profile Reg- 
ister System, Model l&I-LED-LM-DC CWT-1791, 
Thornthwaite and Associates, Elmer, NJ) and a 
temperature probe (Model 107, Campbell Scien- 
tific, Logan, UT) connected to a Model CR-21X 
Microdata Logger (Campbell Scientific). This site 
also had a separate samplhtg mast used for dynamic 
spiking-recovery experiments. 

Samphg cups 

Each sampling cup consisted of a 6.0 cm x 12.1 
cm Teflon cartridge (Savillex Co., Minnetonka, 
MN). A lOC-mesh stainless steel screen pressed into 

one end of the trap served to retain the sampling 
.medium, which was 60 cm3 of XAD-4 macroretic- 
ular resin (Rohm and Haas, Philadelphia, PA). 
The resin was cleaned prior to use by washing con- 
tinuously with deionized water to remove fines, by 
washing with 0.25 N hydrochloric acid followed by 
rinsing with several bed volumes of distilled water 
until the pH of the rinse was about S, and by SUC- 

cessive 24-h Soxhlet extractions with methanol 
(2x), ethyl acetate and methylene chloride. The 
resin was then dried for 48 h in a vacuum oven at 
room temperature. 

Some spiking-recovery experiments (see below) 
were carried out using a Teflon samphng cup 
char8ed with either a single 60-cm’ portion of 
resin or two 30-cm’ portions and with a wad of 
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To Air Pump TO Ai, pump 

Fig. 3. Schematic of Teflon samp::g cups used for nor- 
mal field sample collection (A) anf for determining trap 
ping efficiencies of spiked~ stantids under dynamic 
conditions (B). 

glass wool near the inlet to receive the spiking 
solution (Pig. 3). 

Sampling prorocol 

Norma) operation consisted of emptying the 60 
cm3 of XAD-4 resin, used for -he prior 24-h sam- 
pling interval, from each cup at a given sampling 
site into glass jars, which were -hen sealed, labeled 
and placed in a dry ice chest fcr eventual transport 
to a deep freeze (-2O’C) at LCD. The cups were 
then rinsed with acetone, air-&-ied and recharged 
with 60 cm’ of fresh resin. Glass wool was placed 
on top of the resin to prevent mrbuient mixing, the 
cups were sealed with a Teflon cap that had a I- 
cm opening, and air flow was begun. The I-cm 
inlet was sealed momentarily :o check for leaks, 
and then the flow was adjusted to a_specific value 
between 40 and 60 L/mitt, as !ndicated by the in- 
line flow meters. An accurate neasurement of the 
flow was then made by momentarily feting a cal- 
ibrated flow meter (Model F-l%I, Gilmont Instru- 
ments, Great Neck, NY) to :he cup inlet. This 
measurement operation was repeated at the end of 
the sampfing interval as well. The entire operation 
took about 15 min. and was completed between 
6:oO and 950 a.m. (Pacific Daylight Time) at each 
site on a schedule that took ir:o account the time 
for UCD personnel to travel irom site to site. An 
additional operation at the Maxwell site included 
setting up a separate sampler to receive the dy- 
namic air spike. 
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Spiking-recover,v ,PJIS 
To determine extraction recoveries, 60 cm’ of 

XAD-4 resin was spiked with a known amount of 
methyl parathion, methyl paraoxon, molinate or 
thiobencarb delivered from srock solutions. After 
thoroughly mixing the resin by tumbling, it was 
then extracted and analyzed. To test for freezer 
stability, the same operations were carried out, ex- 
cept that the spiked and mixed resin was placed in 
a freezer (-20°C) for I1 weeks prior to extraction. 

To determine recoveries frbm air (trapping effi- 
Ciency), two types of tests were run. In Method A. 
either a single U-cm’ or two 30-cm’ portions of 
XAD-4 resin were placed in the Teflon sampling 
cup. The glass wool at the cup inlet was spiked 
with a known amount of the chemical(s) of interest. 
Air was then drawn through the cup at a known 
rate (about 50 L/min) for 24 h. The air tempera- 
ture was recorded continuously (a usual 24-h cycle 
ranged from 18 to 30°C). 

In Method B, designed for use at the field sam- 
pling sites, a small wad of glass wool, placed inside 
a piece of curved 15 cm x 1 cm (o.d.) glass tubing, 
was spiked. The tubing was immediately connected 
at the downstream end to the Teflon sampling cup 
and at the upstream end to a glass drying tube 
(12.8 cm x 1.6 cm o.d.; Bantamware) tilled to a 3- 
cm depth with XAD-4 resin. This latter tube 
cleaned the incoming air of any chemical residues 
that might have interfered with the recovery test. 
Flow was established as before. 

In both types of tests (Methods A and B), the 
glass wool that received the initial spiking solution, 
the tubing walls and the resin bed were s&parately 
extracted. Trapping efficiency was calculated aS 
follows: 

% trapping efficiency 
(amount in resin) X 100 

= (am;) _ (am;y;m$b) 

Extraction 

The XAD-4 resin was extracted in the follow- 
ing manner: Ethyl acetate (90 ml) was added to the 
resin in a 250-ml Erlenmeyer flask and then 
swirled for 30 min. The solvent was decanted and 
filtered through Whatman No. 1 filter paper into 
a SOO-ml sample storage container. Fresh solvent 

The minimum detectable limit (MDL) for methyl 
parathion was calculared to be 0.2 ng/m’ (0.02 / 

(60 ml) was added to the flask and then swirled for . ppt) based on the following: 0.10 ng was detect- 
I5 min. The solvent was then transferred and SO able in a 6-~1 injection from a total sample volume 
ml of additional fresh solvent was added and the of 0.5 ml derived from an air sample of 50 m’. 

flask was swirled once more for 10 min. Samples 
were concentrated to approximately 4 ml on a 
steam bath using a Kuderna-Danish apparatus. 
Further reduction of solvent, if necessary, was 
accomplished using a three-ball micro Snyder col- 
umn. Samplei were first analyzed for molinate and 
thiobencarb when the sample volume was 4 ml and 
then for methyl parathion and methyl paraoxon at 
reduced volumes. 

Gas chromatography 

Molinate, thiobencarb. methyl parathion and 
the oxon of methyl parathion were analyzed using 
a Hewlett-Packard Model 5710A gas chromato- 
graph equipped with a nitrogen-phosphorus detec- 
tor. The column was a 3&m DB-5 megabore (J&W 
Scientific, Ranch0 Cordova, CA). Flows for heii- 
urn, air and hydrogen gases were, respectively, 6, 
70 and 3 ml/mitt, and helium make-up gas flow 
was 19.5 mUmin. Temperatures for injector, col- 
umn and detector were 250, 210 and 250°C. 
respectively. 

A Tracer Model MT-220 gas chromatograph 
equipped with a flame photometric detector with 
phosphorus filter (526 nm) was also used for 
methyl parathion analysis when there was a ques- 
tion of interference or need of confirmation for 
those samples that approached the limit of detec- 
tion. A 1.8 m x 0.32 cm glass column packed with 
3% OV-210 on 80-100 mesh Chrom W HP was 
used. Flow rates (ml/min) for nitrogen (carrier), 
air and hydrogen were 55,80 and 60, respectively. 

Some recovery samples were analyzed for methyl 
parathion using a Varian Model 2100 gas chro- 
matograph equipped with a 1.8 m x 3 mm (i.d.) 
glass column packed with 100/120 mesh Supelco- 
port, coated with 1.5% SP 2250 and 1.95% SP 
2401, and an alkali flame ionization detector. Col- 
umn oven temperature was maintained at 175°C 
and the carrier (nitrogen) flow was 35 ml/min. 

In all cases. a four- or five-point standard curve 
was made using a variable volume injection tech- 
nique. Samples were then doubly injected and the 
average of the two areas used to calculate concen- 
trations. A standard was injected after every other 
sample and compared with the original standard 
curve. The analysis was considered valid if the 
standard was within 3% of the original standard 
curve. 



;, 

The XiDL for methyl paraoxon :vas 0.5 t&m’. 
while for molinate and thiobeccarb in was I.-I 
ng/m’ and 2 ngim), respectively. 

RESULTS 
We collected 24-h ambient air samples using an 

XXD-4 resin trap technique capable of simulta- 
neously collecting the four chemicals of interest- 
methyl parathion, methyl paraoxon, molinate and 
thiobencarb. Four ambient sampling sites were 
established in two counties where methyl para- 
thion, molinate and thiobencarb were expected to 
be used in significant quantities on rice, while a 
background site was placed in a location in a third 
county where no use was expected. Sampling was 
carried out for four 24-h intervals (Monday morn- 
ing through Friday morning) for five weeks (13 
May through 12 June, 1986) during the period 
selected to represent the highest uses in the two 
counties. This represented some guesswork based 
upon application data from prior years. 

Spike/recoveries 

When methyi.parathion, methyl paraoxon, mo- 
linate or thiobencarb were spiked to XAD-4 resin 
and then immediately extracted, recoveries were 
essentially quantitative (Table 2). IVhen extraction 
was carried out after 11 weeks of storing the spiked 
resin in a freezer, recoveries were still quite good 
for methyl parathion, but the recovery for methyl 
paraoxon dropped to 66.5%. Moiinate and thio- 
bencarb were not checked for freezer stability, but 
other studies indicate they are stable. When methyl 
parathiort was spiked dynamically, by volatilizing 

a deposit of the chemical on glass wool directly 
into the incoming air over 2 2-t-h period outdoors 
(Method A), recovery (i.e.. trapping plus rxtrac- 
[ion efficiency) was 85% when 60 cm’ of resin 
was used and 82% when 30 cm’ of resin was used, 
with no significant conversion of thion to oxon in 
either case. Molinate recovery from Method A spik- 
ing was 67% on 30 cm3 of resin, with no break- 
through to a second 30 cm’ portion of resin. Thio- 
bencarb recovery was 96.Svo for 24-h sampling 
through 30 cm’ of IUD-4 resin. The lower recov- 
ery for molinate was probably due to incomplete 
extraction of resin-bound residue, or to some loss 
during concentration of the extract. In sum. these 
spiking experiments indicated that the resin trapped 
and retained the chemicals satisfactorily during 
24-h runs, and released them satisfactorily by a 
simple solvent extraction. After concentration, the 
extract could be analyzed by gas chromatography 
without significant resin-derived interferences. No 
cleanup of extracts was needed for either spiked or 
field samples. 

When dynamic spiking was done by volatilizing 
a deposit of the chemical contained in a glass tube 
attached to the inlet of the sampling cup (Method 
B), average recoveries of methyl parathion and 
mohnate dropped considerably to 37 and 3OQ0, 
respectively (Table 2); precision was poor and sig- 
nificant conversion of the thion to the oxon (up to 
82% of the volatilized thion) occurred. These 
results were most likely due to the technique of 
spiking; the glass spiking tubes were not shielded 
from direct sunlight, which could have caused 
some photolysis or thermal breakdown of the 

Table 2. Results of tests for trappins. extraction and storage recoveries (per;enr 2 SD) 

Uethod Methyl parathion Yethyi paraoxon >lolinate Thiobencarb 

Spike to 
resin/exrracr~ I II.0 = 6.1 ln = 3) 56.7 = 2.0 (n = 3) 92.3 k 8.3 (n = 31 a.2 z 7.2 (” = 3) 
Spike to resin/freeze 11 weeks/exrrac:I 

?.om ng 97.6 I 6.5 tn = 3) 
200 “5 86.2 2 1.2 ,n = 3) 66.5 = 6.0 (n = ;) 

Dynamic (Method Ah) 
60 cm’ resin 85.0 i- 1.0 (” = 
30 cm’ resin 

3) 
(1st) 82.0 = 1.0 (n = 3) 67 + I (n = 31 96.5 = 23.6 (n = 

30 cm- resin 
6)’ 

(2nd) 0 tn = 3) 0 (?I = 31 
Dynamic (Yethod B“) 

60 cm3 57 cn = 16) 30 12 z (N = 1<1 

‘100 ng, except for thiobencarb t2,COZ ng). 
%@I ng spiked. 60 L/min. 24 h. 
‘50 fig spiked; 24 h. 
‘%0&l ng spiked. 60 L/mm. 24 h. 
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spiked deposits. There was about 5 cm of un- 
shielded glass tubing through which *vapors had to 
pass before entering the sampling cup-a zone for 
potential breakdown of vapors or oi material ad- 
sorbed IO the tubing walls. The Method B results 
are included here to point out the need for careful 
design when field spiking is to be done, and to 
indicate a point where improvement is needed in 
extending this protocol to other applications. In 
fact, we believe that Method A would be the cor- 
rect choice for future design, and that Method A 
spiking be~done at least once a week at the same 
sites where samples are to be collected. 

Field results 

Background samples. A total of 20 sampling 
days were employed, with duplicate samples taken 
at four locations (Trowbridge, Robbins, Williams, 
and UCD background) and triplicate samples taken 
at one location (Maxwell) for a total of approxi- 
mately 200 samples requiring analysis for the four 
chemicals. The UCD background samples showed, 
with one exception, no methyl parathion or methyl 
paraoxon above the detection limits (0.2 and 0.5 
ng/m), respectively). The single exception was 
a sample from 15 May, which had 0.39 ng/m3 
of methyl parathion, for which the duplicate was 
less than 0.2 ng/m3. No molinate or thiobencarb 
was recorded in any of the background samples 
above the detection limit (1.4 and 2.0 ng/m3, 
respectively). 

.Methyl parafhion and me!h.v/ paraoxon. The 
higher air concentrations of these two chemicals 
were obtained from samples collected at Maxwe!! 
High School- the site that also had triplicate col- 
lection cups. The highest daily average thion val- 
ues occurred early in the study, on 13 May (22.: 
ng/m’) and 14 May (21.5 ng/m’), with a gradual 
decrease through the remainder of May, after 
which time values were near or below the detection 
limit (Table 3). Oxon concentrations were IOU 
throughout, with the maximum occurring on 22 
May (3.1 ng/m’). The thion/oxon ratios averaged 
about IO:1 at Maxwell over the month of May, 
although ratios as low as 2:l were recorded on a 
few days (Table 3). 

Replication of thion values was generally good. 
with most relative standard deviations (RSD) being 
less than about 50%, except for very low concen- 
trations, which gave poorer precision. RSDs for 
the oxon were generally higher than for the thion. 
Agreement between duplicares at the other sites 
was similar 10 that for the results from Maxwell. 
Concentration averages and samples above the 
detection limit were generally in the order: Max- 
well > Williams > Trowbridge = Robbins > UCD 
(negligible). 

Molinare. The Maxwell site again yielded 
generally higher air concentrations of molinate 
uable 4), with the highest daily average (1.7 
pg/m3) recorded on the first day of sampling (12 
May). Concentrations decreased during the re- 

Dare 

Table 3. Average methyl parathion and merhyl paraoxon concentrarions in air (q/m’) 

Trowbridge Robbins Maxxwell Williams 

Thion Oxon Thion Oxon Thion Oxon Thion Oxon 

5/12/M 
j/13/86 
5114186 
5/15/86 
3/19/86 
5120186 
j/21/86 
j/22/86 
S/21/86 
S/28/86 
5/29/86 
S/30/86 
6/10/86 
6/11/86 
6112186 

0.53 <OS 0.72 co.5 6.65 <0.5 1.03 <0.5 
1.05 <OS 0.50 co.5 ~E.67 2.32 4.69 1.1-l 
0.54 <0.5 0.50 CO.5 21.53 0.83 21.75 

<0.2 <OS 0.37 co.5 13.50 <O.i 5.56 i:Y’ : 
<0.2 co.5 <0.2 <O.j 11.90 1.14 5.31 <O.i 
co.2 

1.10 
<O.? 
<0.3 
co.2 
<0.2 
CO.2 
<o.z 

-b 
0.50 

<0.5 
<OS 
co.5 
<OS 
<OS 
<OS 
<0.5 
<0.5 
-b 

<0.5 

<0.2 
<0.2 
<0.2 

-b 
<O.? 
<0.2 
<O.? 
<0.2 
CO.2 
<0.2 

CO.5 5.01 .0.68 
<OS 13.9; CO.3 
<0.5 T.72 3.07 
-b 2.13 <OS 

co.5 i 73 
CO.5 G7.l 

1.15 
0.65 

co.5 I .-!3 CO.5 
<OS co.3 CO.5 
co.5 O.-l <0.5 
c0.S <O.’ CO.5 

5.22 
4.74 
1.45 
I .34 
I .82 
-b 
-b 
0.32 
0.66 
0.34 

0.93 
0.98 

co.5 
<O.i 

0 ‘2 -'i 
-b 

<o.: 
co..’ 
<0.3 

‘Samples collecred on 2-9 June. and on ail rhe sampling days but one ar the background sire (Davis), showed less 
than the minimum delectable limit for rhe rhion (0.2 ns/m’) and the oxon (0.5 ng!m’). 

940 samples iaken. 
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Table 4. Avcraee molioxe and thiobencarb concentrations in air (nglm')' 

Trowbridge Robbins MaXWell Williams 

Molinatc Thiobencarb Molinatc fhiobencarb Molinare Thiobcncarb Molinate Thiobencarb 

Si12/86 
j/13/86 
5114186 
5/15/86 
S/19/86 
j/20/86 
S/21/86 
S/22/86 
S/27/86 
S/28/86 
S/29/86 
S/30/86 

280 -b 28 -b 1,720 25.5 141 <2.0 
247 4.32 40.5 c2.0 885 17.5 113 5.16 
137 4.08 104 2.42 1.183 37.1 41s 8.03 
Cl.4 <2.0 2.3' <2.0 295" <?.O 76 6.28 
102 82.8 44.5 8.80 947 26.1 216 23.3 
84.5 250 142' 7.67' 389 7.10" 77.5 23.0 

162 21.6 87 40.8 314 7.36" 
196 

4.64 
200 80.2 93.5 614 18.2 21.8 
71.9 50.6 -b 

Y 
561 27.1 IO0 16.6 

171 II9 48.5 13.0 240 59.2 84 43.2 70 17.7 266" 64.5 Y-k4 "a 
43.8 16.4 25.4 5.66' 145 28.7 -b -b 

“All samples collected on 2-12 June. and on all sampling days at the background site (Davis). showed less than the 
minimum detectable limit for molinate (1.4 ng/m’) and thiobencarb (2.0 ng/m’). 

bNo samples taken. 
‘One replicate only. 
“Two replicates only. 

mainder of May and by early June approached the 
detection limit. RSDs for replicates were similar to 
those for methyl parathion, that is, generally be- 
low 50%. The Williams and Trowbridge samples 
were generally lower in concentration, and the 
Robbins samples were lower still (Table 4). Even 
at these three sites, however, average molinate 
concentrations still far exceeded the highest methyl 
parathion yalues. 

Thiobencarb. Replication of values was quite 
good for 7 of the 11 d for which data were col- 
lected at the Maxwell site (Table 4). The highest 
19-sampling-day average air concentration for thio- 
bencarb was recorded at Trowbridge (67.8 ng/m’), 
but this average included two days (20 and 28 
May) when very high concentrations were recorded. 
We suspect that thiobencarb was applied to rice 
fields located within 0.5 km of this site during 
those two days; chemical applications were ob- 
served then, although they were not confirmed to 
be thiobencarb. Subtracting these two days’ results 
from the average, the overall concentration aver- 
ages from the four sites near rice fields differed iit- 
tie, ranging from 12.9 ng/m’ at Williams to 39 
ng/m3 (average minus the data for 20 and 28 
May) at Trowbridge. Concentrations at all sites feU 
to below detectable limits from 2 June to the end 
of sampling. 

Correlrrrion wirh use data 
California statutes require that the location, 

acreage treated and application rate be supplied 

with the application permit when any chemical, 
especially restricted-use pesticides such as methyl 
parathion, molinate or thiobencarb, is to be ap- 
plied by a commercial applicator. This informa- 
tion was searched manually over the period of 
sampling (i.e., 10 May through 12 June) for methyl 
parathion and molinate in areas within approxi- 
mately 16 km of the sampling sites. Because thio- 
bencarb was not included in our original experi- 
mental design, use data for it were not obtained. 
For both methyl parathion and molinate, the heavi- 
est use was in the Maxwell-Williams area, and the 
least use was in the Robbins-Trowbridge area. The 
low use in the latter areas was due, at ieast in part, 
to the lack of a significant rice shrimp pest prob- 
lem in Sutter County in 1986. 

Correlation of use data with air concentrations 
was done for the Maxwell site only, assuming that 
since this site had the highest air concentrations of 
methyl parathion and molinare and was near the 
heaviest use there was a better chance of seeing 
clear-cut trends. In attempting to correlate use 
data with air concentrations for methyl parathion 
at the Maxwell site (Fig. 4), a trend was apparent 
toward higher concentrations during periods of 
heaviest use and lower to negligible concentrations 
after reported uses ceased (i.e., after 23 May). The 
correlation was crude, at best, because our sam- 
piing was conducted for only 4 d each week while 
applications could take place on all days of the 
week, and the correlation did not differentiate 
between applications made very close to or distant 
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, 

from the sampling sites, or between those made 
upwind or downwind from the sampling sites. 

The correlation for mohnate at Maxwell (Pig. 
5) showed the highest concentrations and highest 
uses at the initiation of the sampling period, sug- 
gesting that use had begun before sampling was 
under way. Here again, however, there was a 
decrease in air concentrations through the sam- 
pling period corresponding to the decrease in 
reported usage, although significant air concentra- 
tion persisted well beyond cessation of molinate 
applications on approximately 27 May. 

DISCUSSION 

sifiable spray, while mchnate and thiobencarb are 
applied as granular formulations. Thus drift dur- 
ing application might be expected to be greater for 
methyl parathion, and -he correlation curves may 
reflect this figs. 4 and 5). Methyl parathion con- 
centrations correlated better, at least, qualitatively, 
with the usage on indi\<duai days of sampling, and 
the concentrations feC off abruptly when usage 
ceased. This is more ccmistent with an immediate 
release as spray drift (s either vapors or tine par- 
ticulate aerosol-our sampling method did not dis- 
criminate between the :wo) rather than a slower 
posrapplication volatilization of residue dissolved 
in field water. 

Methyl parathion, molinate and thiobencarb In fact, the volatifizzdon tendencies of the three 
are applied exciusively by air directly to rice field 
water. However, there are major differences be- 

chemicals are markedly in favor of molinate (Ta- 
ble 5). Tbe vapor press-re of motinate is consider- 

twecn the manner of use and the physiocochemical 
properties that might influence air concentrations 

ably higher (factor of aLbout 300). as is the Hem+ 

of the three chemicals observed in the area of use. 
Law corttant, the governing property in water, air 

IMethyl parathion is applied as a water-based emul- 
distribution (factor of about 10). In a separate 
study, we measured the volatilization flux of methyl 
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Table 5. Physical properties and dissipation behavior of methyl parathion, molbtate and -5obenab 
in a flooded rice tield 

Phvsical nroaerti~ . ~~~~ _~.r._-- 
Water solubllty 
Vapor pressure 
Hemy’s Law constant 

Methyl paratbioo Mohate Ttiobencarb 

31.7 mg/L(22T) 
1.5 x 1Oa kPa (22’C) 

800mgL(20T) 

1.0 x IO-’ m’~atm/mol 
4.1 x lo4 kPa (2O’c) 

30 mg. L (2O’c) 

9.7 X lo-’ m’ .atm/moI 
2.0 x :tlS6 kPa (20~ 
1.7 X 10-’ m’-atm/tno] 

Dissipation data from rice field water 
Half-life in water 44 ha 
Major 10s rou& 

84h’ 
Chemical/microbial 

6-9 dE 
Volatilization from water 

breakdown in water - 
Adsoqsion to soil, and 

chezical/microbial 

Volatill?ation ra1& co.01 kg/ha/d 
hrtidown 

1.1 kg/ha (1st 4 d) 0.07 ki’ha (1st 4 d) 

‘From Seiba and McChesncy [17]: 
bFrom Seiber et al. [19]. 
%si and Isbikawa p4]. 

paratbiort and molinate from the same rice field 
and found that the normalized flux (i.e., flux nor- 

Methyl parathion dissolved in r?e field water is 

malixed on water concentration) of moiinate was 
prhnari]y lost by chemical and microbial break- 

about 10 times that of methyl parathion [17]. The 
down (hydrolysis and possibly oxidation to the 

absolute flux for molinate was over 100 times that 
oxon followed by hydrolysis). M&ate, however, 

of methyl parathion due to its hhgher rate of ap- 
is relatively stable in rice field wzer [I81 and dis- 

plication and thus higher water concentrations. 
sipates primarily by volatihzatior. which may re- 
lease approximately 1. I kg/ha tc the air over the 
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first 1 d ;Ll’tcr application at a typical 4 kg/ha rate 
[19,20]. The rate of volatilization can be particu- 
larly high when the field water warms in the late 
afternoons and under windy conditions. leading to 
several-fold hourly and diurnal variations in vol- 
atilization rates. 

product of molinate. but the concentrations of this 
product were generally lower than those for the 
parent molinate. We are unaware of published 
data on the vapor-phase stability of thiobencarb. 

Thiobencarb represents an intermediate situa- 
tion. Its stability toward hydrolysis in rice field 
water is similar to thar of its chemical relative 
molinate, but its Henry’s Law constant is very 
close to thaw of methyl parathion. At a given appii- 
cation rare, a much’larger percentage is adsorbed 
to sediment and thus a much lower percentage is 
dissolved in water than for the more water-soluble 
molinate [ZO]. In a prior experiment, we observed 
[hat maximum rice field water concentrations of 
rhiobencarb were about 20% those of molinate 
[19]. Thus. volatilizarion of thiobencarb from 
water could occur at as little as 2% of the rate for 
molinare, and this factor could account for the 
observed differences in air concentrations for the 
two chemicals. The lower overall quantity of thio- 
bencarb used in 1986 (about 33% that of molinate) 
also would influence observed air concentrations, 
but this could not be directly correlated with con- 
centrations observed in the present study because 
we were unable to document rhiobencarb use data 
in the vicinity of the four sampling sites located in 
the rice-growing regions of the,Sacramento Valley. 

B’irh regard to methyl paraoxon residues ob- 
sewed at the sampling sites, ir is very unlikely that 
rhese originate by volatiiizarion from water be- 
cause the Henry’s Law constant of the oxon is less 
than that for the thion. due to rhe oxon’s much 
greater wafer solubility 1231. Also, hydrolysis of 
the oxon is considerably faster than that of the 
thion. Rather, atmospheric o.xidation of thion va- 
pors to oxon is more likely, v&h the example pro- 
vided by the earlier study of ethyl parathion show- 
ing the feasibility of this route. Apparently it was 
not a major route in this study, however, because 
oxon residue levels were always much less than the 
thion levels. 

Thus, while methyl parathion may have the 
greater drift potential, which could lead to measur- 
able downwind air concentrations close to a field 
undergoing treatment, the overriding factor affecr- 
ing the observed differences in the average concen- 
trations of the three chemicals appears fo be the 
rate of posrapplication volatilization from field 
water. Not only does molinate have a much higher 
rate of volatilization, and a prolonged period dur- 
ing which ir can occur, but the usage of molinate 
in the sampled areas was much greater than that of 
methyl parathion and, apparently, of th%bencarb. 
Another factor, not estimable from data at hand, 
is the potentially greater stabiliry of molinare and 
thiobencarb in air as compared with merhyl para- 
thion, which would allow a longer residence of 
volatilized molinate or thiobencarb and thus a 
greater likelihood of occurrence. Woodrow et al. 
1211 showed that ethyl parathion is converrcd to 
ethyl paraoxon in field air and provided indirect 
evidence of further conversion to p-nirrophenol. 
Airborne molinare has not been shown to pho- 
todecompose in the field, although it does SO 
slowly upon vapor-phase irradiation in the labora- 
tory [Z?]. In fact, a number of our air samples 
contained 2-oxomoiinare. a potential oxidation 

The observed ambient concentrations of moli- 
nate averaged over the study period are approxi- 
mately an order of magnitude lower than predicted 
from a uniform distribution of vapors in the Sac- 
ramento Valley. The assumptions, and calcula- 
tions, are as follows: Assume that volatilization is 
the only dissipation pathway for molinate (i.e., all 
of the applied molinate eventually volatiiizes), thar 
volatilization occurs over a 30-d period with each 
day contributing 1130th of the total (i.e., l/30 x 
549,340 kg = 18,3 11 kg/d), that the total volume 
of air in the Sacramento Valley is about 17,000 
km’ (70 km x 240 km x 1 km), and rhat there is 
no route of escape for uniformly distributed air- 
borne moiinate from the Sacramento Valley within 
a 24-h period but also that there is no carryover of 
airborne residue from one day to the next. These 
assumptions lead to a calculated uniform air con- 
centrarion of about 1 fig/m” in the, Sacramenr;. 
Valley atmosphere, compared with rhe 20-sam- 
pling-day average concentrations of 0.06 to 0.63 
pg!m’ at the Sutrer and Colusa County sampling 
sites in rhe present study (Table 4). In terms of risk 
assessment for human exposure, this range of 
average concentrations represents a chronic expo- 
sure for the general population during the appiica- 
don season. However for margin-of-safety con- 
siderations, transient elevated concentrations (such 
as the ones observed early in this study) close 10 
sources are of particular importance. Knowing the 
xvorst-case scenario, or highest possible concentra- 
tions. for residents in a treatment area allows the 
dererminarion of a “safe” esposure, or equiva- 
lently, a “safe” distance from a parricular source. 

.&rborne pesticide vapors are undoubtedly con- 
rinuaily dissipated by transporr out of the Valley, 
by dry deposirion or exchange to wa!er. vepe!arion 



and soil surfaces. and perhaps by slow degrada- 
tion. But these loss routes are apparently slow 
enough, at least for molinate. IO allow for some 
accumulation in air over the I-month period of 
heaviest use. While these factors await future 
study, we do know from the present work that 
pesticide vapors are measurably present in the Val- 
ley’s atmosphere, that the concentrations of air- 
borne molinare are much higher than those of 
methyl parathion and thiobencarb, and that mo- 
linate levels are in a concentration range that is 
comparable to that observed fdr many other or- 
ganic pollutants in ambient air. Whether these air- 
borne residues represent a health risk for exposed 
populations is unlikely, but the question does war- 
rant further attention. 
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QUALITY ASSURANCE PLAN FOR PESTICIDE MONITORING 

At the request of the Department of Food and Agriculture (DFA). 
the Air Resources Board (ARB) documents the "level of airborne emissions" of 
specified pesticides. Short-term (one month) ambient monitoring will be 
conducted in the area of, and during the season of, peak pesticide 
applications. In addition, monitoring of a field during and after 
application (up to 7.2 hours) will occur. The purpose of this document is to 
specify quality assurance activities for sampling and laboratory analysis of 
the pesticide. 

U. Oualitvce Policv Stat& 

It is the policy of the ARB to provide DFA with as reliable and 
accurate data as possible. The goal of this document is to identify 
procedures that ensure the implementation of this policy. 

. . Lu. Oualitv Asswance Oblectn-s 

Quality assurance objectives for pesticide monitoring are: 1) to 
establish the necessary quality control activities relating to site 
selection, sample collection, sample analysis, and data validation, and 2) 
assessment of data quality in terms of precision, accuracy and completeness. 

. . IV. Siting 

Siting criteria for ambient pesticide monitoring are listed in 
TABLE 1. The monitoring objective for these sites is to measure population 
exposure near the perimeter of towns or in the area of the town where the 
highest concentrations are expected based on prevailing winds and proximity 
to applications. Background sites should be located away from any 
applications. 

Siting criteria for placement of samplers near a pesticide 
application for collection of short-term samples are: 1) fifteen yards 
upwind of the field, 2) fifteen yards downwind of the field, and 3) 150 
yards downwind of the field. These are only guidelines, since conditions at 
the sitTwill dictate the placement of monitoring stations. Data on wind 
speed and direction will be collected during application monitoring. Dnce 
monitoring has begun, the sampling stations will not be moved, even if the 
wind direction has changed. Field application monitoring will follow the 
schedule outlined in TABLE 2. This schedule and study design are consistent 
with requests from DFA for monitoring near a pesticide application. 

1 



A. Monitoring Site Description 

The protocol for ambient monitoring should include a map of the 
monitored area which shows nearby towns or conrnunities and their 
relationship to the monitoring stations. A site description should be 
completed for any monitoring site which might have characteristics that 
could affect the monitoring results (e.g., obstructions). 

Similarly, a map or sketch of the monitoring stations should be 
made with respect to the application field. 

Y. SamDliu 

Samples for ambient pesticide monitoring will be collected over 
24-hour periods on a schedule, in general, of 4 samples per week for 4 
weeks. Sampling will be conducted following the Environmental Protection 
Agency (EPA) ambient monitoring.guidelines of 40 CFR 58 for calibration, 
precision, accuracy and data validation. The ARB Quality Assurance Section 
upon request will review quality assurance/quality control procedures 
will evaluate pesticide monitoring activities. 

‘ and 

A. Protocol 

Prior to conducting any pesticide monitoring a protocol will 
written that describes the overall monitoring program and includes the 
following topics: 

be 

1. Identification of the sample site locations. 

2. Description of the sampling train and a schematic 
showing the component parts and their relationship to 
one another in the assembled train, including specifics 
of the sampling media (e.g., resin type and volume, 
filter composition, pore size and diameter, catalog 
number, etc.) 

3. Description of the analytical method. 

4. Quality assurance/quality control plan for sampling, 
including calibration procedures for flow meters. 

5. Test schedule. 

6. Test personnel. 

Specific sampling methods and activities will be described in a 
monitoring plan (protocol) for review by ARB and DFA. Criteria which apply 
to all sampling are: 1) chain of custody forms will accompany all samples 
(APPENDIX I.), 2) light and rain shielding will be used for samples during 
monitoring and, 3) samples.will be stored in an ice chest until delivery to 
the laboratory. The protocol should include: equipment specifications (when 
necessary), special sample handling and an outline of sampling procedures. 
The protocol should specify any procedures unique to this specific 
pesticide. 

2 
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B. Log Sheets 

Field data sheets will be used to record sampling date and 
location, initials of individuals conducting sampling,, sample type (e.g., 
charcoal tube). sample number or identification, initial and final time, 
initial and final flow rate, malfunctions, leak checks, weather conditions 

IZiL 
rain) and any other pertinent data which could influence sample 
. Field blanks should be included with each batch of samples 

submitted to the lab for analysis. The average of the initial and final 
flow rates for the sampling period will be used if a flow controller is not 
used. 

C. Collocation 

For ambient monitoring, sampling precision or the standard 
deviation ~of the data set will be calculated from at least 2 samples 
collocated at a site. The collocated sampler will be rotated between 
sampling sites so that at least three duplicate samples are collected at 
each site. The samplers should be located between two and four meters apart 
if they are high volume samplers in order to preclude airflow interference. 
This consideration is not necessary for low (~20 literslmin.) flow samplers. 
One sample will be designated as the primary.sample and the other sample 
will be designated as the duplicate. 

0. Calibration 

If elapsed time meters are used, rather than noting beginning and 
ending times, the meters should be checked and calibrated to within + 5 
minutes for a 24-hour period. Samplers operated with an automatic on/off 
timer should be calibrated so that the sampling period is 24 hours 2 15 
minutes. 

Flow meters, flow controllers or critical orifices should be 
calibrated against a referenced flow meter prior to a monitoring period. 

Sampling flows should be checked in the field and noted before and 
after each sampling period. Before flows are checked, the sampling system 
should be leak checked. The initial flow should be within f 10% if a 
calibrated pressure transducer,is used to check the flows, or within 2 15% 
if a calibrated rotameter is used. Flow meters should be recalibrated if 
flows are found to be outside of those control limits. 

E. Preventative Maintenance 

To prevent loss of data, spare pumps and other sampling materials 
should be kept available in the field by the operator. A periodic check of 
sampling pumps, meteorological instruments, extension cords. etc. should be 
made by sampling personnel. 

3 



IABLE 1. PESTICIDE MQtlrToR SITING CRITERIA SUMMARY 

The following probe siting criteria apply to pesticide 
monitorina and are summarized from the EPA ambient monitorina 
criteria ,<40 CFR 58) which are used by the ARB. 

Minimum Distance From 
Height Supporting Structure 
Above (Meters) 
Ground 
l,lvwad YerticalHorizontal 

2-15 1 1 1. 

2. 

3. 

4. 

- 

Other Soacing 
Critetia 

Should be 20 meters 
from trees. 

Distance from sampler 
to obstacle, such as. 
buildings, must be at 
least twice the height 
the obstacle protrudes 
above the sampler. 

Must have uniestricted 
air-flow 270 around 
sampler. 

Samplers at a collocated 
site (duplicate for 
quality assurance) 
should be 2-4 meters 
apart if samplers are 
high flow, ,20 liters 
per minute. 

4 
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IABLE 2. APPLICATION SWPW SCHEDU 

The sampling schedule for each station is as follows: 

Samoles ner Site 
* 

-15 yds -15 yds -150 yds 
% down- down- 

Kiohw 

Background sample (1 hr. sample: 
prior to application). 

Application + 1 hr. after 
application combined sample. 

2 hr. sample from 1 to 3 hours 
after the application. 

4 hr. sample from 3 to 7 hours 
after the application. 

8 + hr. sample from 7 to 15+ 
hours after the application. 

9 + hr. sample from 15 to 24+ 
hours after the application. 

1st 24 hour ~sample starting at 
the end of the S+ hr. sample. 

2nd 24 hour sample starting 24 hrs 
after the end of the S+ hr. sample. 

2 2 2 

2 2 2 

2 2 2 

2' 2 2 

2 2 2 

2 2 2 

2 2~ - 

2 2 - 

* duplicate collocated samples at each site. 
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YI. Anal-it 

Analytical audits should be conducted by spiking the sample medium 
with the reference standard. These can then be carried into the field and 
handled as actual samples (trip spike) or run at the background site for 
ambient monitoring (field spike) prior to delivery to the laboratory for 
analysis. At least one spike per monitoring period is required and one 
spike per week is recorenended for ambient monitoring. 

Analysis methods should be documented in a Standard Operating 
Procedure (S.O.P.) before monitoring begins. The S.O.P. should include: 
instrument and operating parameters, sample preparation, calibration 
procedures and quality assurance procedures. 

A. Standard Operating Procedures 

1. Instrument and Operating Parameters 

A complete description of the instrument and the conditions 
should be given so that any qualified person could duplicate the 
analysis. 

2. Sample Preparation 

Detailed information should be given for sample preparation 
including equipment and solvents required. 

3. Calibration Procedures 

The monitoring plan will specify calibration procedures 
including intervals for recalibration, calibration standards, 
environmental conditions for calibrations and a calibration record 
keeping system. When possible, National Institute of Standards and 
Technology traceable gas standards should be used for calibration 
of the analytical instruments in accordance with standard 
analytical procedures which include multiple calibration points 
that bracket the expected concentrations. 

4. Quality Assurance 

Validation testing should provide an assessment of accuracy, 
precision, interferences;.method recovery, analysis of pertinent 
breakdown products and limits of detection. Method documentation 
should include confirmation testing with another method when 
possible, and quality control activities necessary to routinely 
monitor data quality control such as; use of control samples, 
control charts, use of surrogates to verify individual sample 
recovery, field blanks, lab blanks and duplicate analysis. All 
data should be properly recorded in a laboratory notebook. 

ity The method should include the frequency of analysis for qua1 
control samples. Analysis of quality control samples are 
recommended before each day of lab analysis and after every tent h 
sample. Control samples should be found to be within control 

6 



limits previously established by the lab performing the analysis. 
If results are outside the control limits, the method should be 
reviewed, the instrument recalibrated and the control sample 
reanalyzed. 

All quality control studies should be completed prior to 
sampling and include recovery data from at least three samples 
spiked at at least two concentrations. Instrument variability 
should be assessed with three replicate injections of a single 
sample at each of the spiked concentrations. A stability study 
should be done with triplicate spiked samples being stored under 
actual conditions and analyzed at appropriate time intervals. 
Prior to each sampling study, a conversion/collection efficiency 
study should be conducted under field conditions (drawing ambient 
air through spiked tubes at actual flow rates for the recorrmended 
sampling time) with three replicates at two spiked concentrations 
and a blank. Breakthrough studies should also be conducted to 
determine the capacity of the adsorbent material if high levels of 
pesticide are expected or if the suitability of the adsorbent is 
uncertain. 

YII. Data Reduction and Reoorting 

The mass of pesticide.(microgram, ug) found in each sample will be 
used along with the sample air volume from the field data sheet to calculate 
the mass per volume for each sample. ForDeach sampling date and site, 
concentrations should be reported in uglm as well as ppb or ppt'(as 
appropriate). Wind speed and direction data will also be reported for 
application site monitoring. 

Ambient data should be summarized for each monitoring location by 
maximum and second maximum concentration, average (using only those values 
greater than the minimum detection limit), total number of samples and 
number of samples above the minimum detection limit. For this purpose, 
collocated samples are averaged and treated as a single sample. 

A. Quality Assurance 

Quality assurance activities and data will be suaxaarized by the 
staff conducting the sampling and included as an attachment to the final 
data suaxnary. The quality assurance report will include a suaxaary of the 
average data precision, accuracy, and completeness. 
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1. Precision and Accuracy 

The average precision or standard deviation will be reported 
based on the comparison of the collocated sampling data. Accuracy 
data to be reported includes the results of the analyses of spiked 
samples and the results of any flow audits. 

2. Data Completeness 

Data completeness should be calculated as a percentage of valid 
data compared to the total possible amount of data if no 
invalidations had occurred. Data will be invalidated if the power 
is out at a site and the length of a sample time cannot be 
verified, or if any of the sampling medium is lost during sampling, 
shipment or analysis. 
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CALIFORNIA AIR RESOURCES BOARD 
MONITORING b LABORATORY DIVISION 

P.O. Box 2815, Sacramento CA 95812 

CHAIN OF CUSTODY 

SAMPLE RECORD 

Job #: 
Sample/Run #: 
Job name: 
Sample Location: 
Type of Sample: 
Log 8: 

Date: .I I 
Time: 

ACTION ; DATE 1 TIME 1 INITALS 

I 
I 1 I 
I I I~ 

./ 
Samole Collected 

I GIVEN BY I TAKEN BY 
I I 

I 
I I I I 

Transfer 

I 
I I I I 

Transfer 
_. 

i 

I I I I 
- .- 

1~ I I I 

I I I I I 

! 
Transfer for Analvsis 

I I I I 
I 

1IDY l #l 
1 LOG; 

I I I DESC&IPTION 

! 

I I 
I I 
I ! 

RETURN THIS FORM TO: 
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State of California 

MEMORANDUM 

To : George Lew, Chief 
Engineering Evaluation Branch 

Date : September 11, 1992 

Subject : Molinate Monitoring 
Audit 

Thank you for reviewing the draft Quality Assurance audit report on the 
Molinate monitoring project conducted in Colusa County by the Air 
Resources Board's Engineering Evaluation Branch and the Department of 
Environmental Toxicology of the University of California, Davis. 

Since you or your staff do not have any cornnents that need to be 
incorporated into the report, please consider the draft dated August 
26, 1992, to be the final ~document. A new cover sheet is enclosed to 
reflect this change. 

If you have.any questions, please contact Gabriel Ruiz of my staff at 
327-0885. 

. 

Enclosure 

cc: Gabriel Ruiz 



September 11. 1992 

AUDIT REPORT 

MOLINATE MONITORING IN COLUSA COUNTY 

In May of 1992. the California Air Resources Board's Engineering Evaluation 
Branch conducted ambient air sampling for Molinate in Colusa County, 
California. The samples were analyzed by the Department of Environmental 
Toxicology of the University of California, Davis. 

On May 5. staff of the Quality Assurance Section of the Air Resources Board 
conducted flow rate audits of the air samplers used by the Engineering 
Evaluation Branch in the monitoring of Molinate. The audits were~ conducted 
with~a NIST traceable mass flow meter. The difference between the reported 
and true flow rates averaged 0.6% with a range of -1.6?, to 3.3%. 

A system audit of the Environmental Toxicology laboratory was conducted to 
review the sample handling and storage procedures, analytical methodology, and 
method validation. It was found that these were consistent with good 
practice. The only deficiencies noted were the lack of response factor plots, 
field spikes, and specific breakthrough data. 

On May 28, five samples spiked with known amounts of Molinate were submitted 
to the laboratory for analysis. The samples were prepared from a 972 pure 
Molinate sample obtained from Chem Service. The difference between the 
assigned and the reported Molinate mass averaged -3.7% and ranged from -10.3% 
to 0%. 



State of California 

MEMORAHDUH 

To : George Lew. Chief Date : August 26, 1992 
Engineering Evaluation Branch 

Subject : Molinate Monitoring 
Audit 

Alice Westerinen. Manager 
Quality Assurance Section 

from : Air Resources Board 

Please find attached a draft Quality Assurance audit report on the . 
Molinate monitoring project conducted by the Air Resources Board's 
Engineering Evaluation Branch and the Department of Environmental 
Toxicology of the University of California. Davis. The report consists 
of three parts: the results of a flow rate audit of the air samplers, 
the results of a system audit, and the results of an analytical 
performance audit. 

Please review the report and feel free to comment on any areas 
that may need further discussioh. We would like to receive 
your comments by Friday, September 4, 1992. 

:i7y;i8ave any questions, please contact Gabriel Ruiz of my staff at 
- . 

Attachment 

cc: Jeff Cook 
Gabriel Ruiz 

khins k Labrc,tory D&ion 
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DRAFT DRAFT DRAFT DRAFT 

August 26. 1992 

AUDIT REPORT 

MOLINATE MONITORING IN COLUSA COUNTY 

In May of 1992, the California Air Resources Board's Engineering Evaluation 
Branch conducted ambient air sampling for Molinate in Colusa County, 
California. The samples were analyzed by the Department of Environmehtal 
Toxicology of the University of California, Davis. 

On May 5. staff of the Quality Assurance Section of the Air Resources Board 
conducted flow rate audits of the air samplers used by the Engineering 
Evaluation Branch in the monitoring of Molinate. The audits were conducted 
with a NIST traceable mass flow meter. The difference between the reported 
and true flow rates averaged 0.6% with a range of -1.6% to 3.3%. 

A system audit of the Environmental Toxicology laboratory was conducted to 
review the sample handling and storage procedures, analytical methodology, and 
method validation. It was found that these were consistent with good 
practice. The only deficiencies noted were the lack of response factor plots, 
field spikes, and specific breakthrough data. 

On May 28. five samples spiked with known amounts of Molinate were submitted 
to the laboratory for analysis. The samples were prepared from a 972 pure 
Molinate sample obtained from Chem Service. The difference between the 
assigned and the reported Molinate mass averaged -3.7% and ranged'from -10.3% 
to 0%. 



AUDIT REPORT 

MOLINATE MONITORII;G IN COLUSA COUNTY 

In May of 1992. the California Air Resources Board's (ARB) Engineering 
Evaluation Branch (EEB) conducted ambient air sampling for Molinate in 
Colusa County, California. Ambient air was passed at measured rates through 
X4D-2 resin adsorbant tubes during several days surrounding an application. 
The samples were later analyzed by the Department of Environmental 
Toxicology (DET) of the University of California, Davis. Gabriel Ruiz of 
the ARB's Quality Assurance (QA) Section conducted a flow rate audit of the 
air samplers, a system audit of the field and laboratory operations, and a 
performance audit of the laboratory method for the analysis of Molinate. 

On May 5, 1992, a flow rate audit of the five air samplers used by the EEB 
in the monitoring of Molinate was conducted at the EEE's shop in Sacramento, 
before the samplers were deployed in the field. 

Each sampling apparatus consisted 
connected with Teflon tubing to a 

of two XAD-2 resin adsorbant tubes, each 
rotameter. which was then connected with 

latex tubing to a double-headed pump, so that the flows did not interfere 
with each other. The sampling assembly was supported with a two meter 
section of aluminum tubing. The adsorbant tubes were covered with a plastic 
hood to protect them from sunlight. 

Don Fitzell of the EEt3 calibrated the samplers by connecting a bubble meter 
to the inlet of the sampler and adjusting the valve on the rotameter so that 
the flow rate indicated by the rotameter was 2.0 liters per minute (lpm). 
The actual flow was then measured with the bubble meter, and the average of 
the flow rates measured for all five samplers was reported as the sample 
collection flow rate. 

After the calibration, a flow.rate audit of each sampler was conducted with 
a NIST traceable 3 lpm Matheson mass flow meter (MFM), following the 
procedures outlined in Attachment I. The difference between the reported 
and the true flow rates averaged 0.6% and ranged from -1.6% to 3.3% (Table 
11. 
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Table 1. 

Samler 

2 

4 

6 

Results of the flow rate audits of the air samplers used in 
the monitoring of Molinate. 

2A 
28 

4A 
4B 

6A 
66 

Set Flow 

2.0 
2.0 

c:: 

E 

2: 

2.0 
2.0 

Reported 
Flow flo,az 

1.90 
1.90 

1.90 
1.90 

1.90 
1.90 

1.90 
1.90 

1.90 
1.90 

True Flow Percent 
Differell 

1.90 0 
1.89 0.5 

1.89 
1.87 

1.89 
1.93 

0.5 
1.6 

x 

1.87 1.6 
1.92 -1.0 

1.84 3.3 
1.89 0.5 

Percent Difference = boorted Flow - True Flow X 100 
True Flow 
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SYSTEM AUDn 

A system audit of the laboratory operations was conducted through a 
telephone conversation with Mike McChesney of the OET. The audit consisted 
of a review of the sample .handling and storage procedures, analytical 
methodology, and method validation. The following is a discussion of the 
audit findings. 

Sampling was conducted by staff of the APB's EEB. following the schedule 
specified in the sampling protocol. After sampling, the exposed XAD-2 resin 
tubes were collected and placed inside screw-cap glass culture tubes. The 
tubes were then stored in an ice chest, until they were delivered to the 
laboratory at the end of the sampling period. Upon receipt at the DE8 
laboratory, the samples were logged in and stored in a freezer at -20 C for 
about three weeks before analysis. 

&mole Analvsis 

The analytical method was developed by laboratory staff and is described in 
a document entitled 'Protocol for Molinate Air Samples with Comnercial 
Sampling Tubes." The method entails extraction of the XAD-2 resin with 
ethyl acetate, and analysis by gas chromatography (refer to the protocol 
available in the QA office for further details). Analyses were performed 
with a Hewlett Packard 5890 11 gas chromatograph equipped with a nitrogen- 
phosphorus detector and an integrator. 

Inediately after extraction, the samples were placed in an autosampler 
for analysis. The analyses were conducted in triplicate, with three 
different jr-point calibration curves. The calibration standards were 
prepared on the day of analysis and had concentrations of 0.1. 0.5. 1.0. 
2.0, 3.0, 4.0. and 5.0 uglml. 

Quality control activities performed to monitor and document the quality of 
the data included analysis of five laboratory spikes, one control sample 
every four samples, one method blank, one solvent blank. one field blank, 
and seven duplicate samples. The study did not include field spikes. 

. . . !&&hod Validation 

The limit of detection (LOD) was determined as the total mass equivalent to 
the concentration of the lowest calibration standard. The LOD was 
calculated as 0.06 ugltube. , 

The method recovery rates were determined by spiking sample tubes in 
triplicate with Molinate at 2.0 ug/tube. The recovery rates averaged 89.0%. 

Stability studies were not conducted specifically for this project. 
However. the DET laboratory had investigated the stability of Molinate in 
XAD-2 resin ig previous studies. In one study, samples were stored for six 
months at -20 C, and the recovery ranged from 85% to 95%. Futhermore. the 
laboratory audit samples were stored with the ambient monitoring samples, 
and,the results showed recovery rates greater than 89% after three weeks at 
-20 C (Table 2). 
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A study which showed no breakthrough for sampling,tubes containing 30 ml of 
XAD-2 resin at a flow rate of 30 lpm was conducted by the DET laboratory for 
previous projects. However. no breakthrough data were available for the 
actual sample collection flow rate of 1.9 lpm. 

All the samples received at the DET laboratory were accompanied by AM's 
chain-of-custody records. The samples were logged into the laboratory book 
using the sample numbers assigned in the field. 

Field data sheets containing the sample collection information were retained 
by the EEB staff. The informatIon Included sampler location, date, start 
and stop times, initial and final flow rates, and comments about unusual 
conditions. 

Laboratory and 
numbered pages. 

instrument maintenance logs were kept in bound notebooks with 

number, sample 
,The entries made in the laboratory book included sample 

type; and analyst. The raw analytical data and the results 
of the analyses were stored in an electronic spreadsheet. Hard copies of 
the data were pasted onto the laboratory book. The chromatograms and 
integrator printouts were saved In an accesstble form. 

-5- 
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. . LABORATORY AllOu 

The accuracy of the DET's analytical method was evaluated by submitting for 
analysis a set of five audit samples spiked with known amounts of Molinate. 
The samples were prepared on May 28. 1992. following the procedures outlined 
in Attachment II. from a 97% pure Molinate sample obtained from Chem Service 
(lot #63-106A). The samples were delivered to the DET's laboratory on May 
29, 1992, where they were extracted and analyzed three weeks later. 

The difference between the assigned and the reported Molinate mass for the 
samples averaged -3.7% and ranged from -10.3% to 0%. The results of 
duplicate samples MD-2 and MO-5 indicate a high degree of precision for the 
method (Table 2). 

Table 2. Results of OET's analyses of Molinate audit samples. 

Assigned Reported Percent 
Samole ID Mass Mass Differam 

MD-1 0.49 0.49 0 

MD-2 0.29 0.26 -10.3 

MD-3 0 HD NIA 

MD-4 0.97 0.96 -1.0 

MD-5 0.29 0.28 -3.4 

ND = Not Detected 
,Percent Difference I ws - * lPned x ~100 . 

Assigned Mass 
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CONCI LlS&yj.J 

In general, good quality control practices were observed during the study. 
The records for field operations were appropriate; the flow rates reported 
were in good agreement with the actual flow rates measured by the QA staff; 
the sample handling and storage procedures, the analytical methodology, and 
the method validation were appropriate: and the results of the analytical 
performance audit were in excellent agreement with the expected values. 

The only deficiencies noted were the lack of control charts or response 
factor plots, field spikes, and specific breakthrough data. Response factor 
plots would allow the analyst to monitor the instrument's sensitivity over 
time, SO that changes such as column. detector. or standard degradation 
could be detected. Field spikes should be included with each batch of 
samples submitted to the laboratory to monitor sample recovery. Finally, 
breakthrough studies should be conducted under conditions that duplicate the 
actual sample collection parameters. 
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ATTACHMENT I 

Flow Audit Procedure for Air Samplers 
Used in Pesticide Monitoring 

Air samplers are audited using a calibrated differential pressure gauge or a 
mass flow meter that is standardized against a NIST traceable Brooks automatic 
flow calibrator. The audit device is placed in series with the sampler's 
inlet and the flow rate is measured while the sampler is operating under 
normal sampling conditions. The sampler's indicated flow rate is corrected 
based on its calibration, and the true flow is calculated from the audit 
device's calibration curve. The sampler's corrected flow is then compared to 
the true flow, and a.percent difference is determined. 

The basic equipment required for the air sampler flow audit is listed below. 
Additional equipment may be required depending on the particular configuration 
and type of sampler. 

1. NIST-traceable mass flow meter. 

2. Calibrated differential pressure gauge with laminar flow element. 

3. l/4" D.D. Teflon tubing. 

4. l/4', stainless steel, Swagelock fitting. 

5. l/4' to 5/W Teflon union. 

Audit Proedum 

1. If power is available, connect the mass flow meter into a 110 VAC outlet, 
and allow it to warm up for at least ten minutes. Otherwise, perform the 
audit with the calibrated differential pressure gauge. 

2. Connect the teflon tubing to the outlet port of the audit device with the 
Swagelock fitting. 

- 
3. Connect the free end of the teflon tubing to the sampler inlet with the 

Teflon union. 

4. Allow the flow to stabilize for at least l-2 minutes and record the flow 
rate.indicated by the sampler and the audit device's response. 

5. Calculate the true flow rate from the audit device's response and record 
the results. Obtain the corrected sampler flow rate from the field 
operator. Calculate the percent difference between the true flow rate and 
the corrected measured flow rate. 
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ATTACHMENT 11 

Performance Audit Procedure 
For The Laboratory Analysis Of Molinate 

The purpose of the laboratory performance audit is to assess the accuracy of 
the analytical methods used by the laboratory measuring the ambient 
concentrations of Molinate. The audit is conducted by submitting audit 
samples prepared by spiking adsorbant tubes with known concentrations of 
Molinate. The analytical laboratory reports the results to the Quality 
Assurance Section, and the difference between the reported and the assigned 
concentrations is used as an indicator of the accuracy of the analytical 
method. 

Materials 

1. Molinate, 97% pure, Chem Service Lot #63-106A. 

2. Ethyl Acetate, nanograde. 

3. XAD-2 resin Adsorbant 

4. 50 ul Microsyringe 

Safetv Precautimx 

Tubes 

Overall toxic data for Moliante has been thoroughly investigated. Avoid 
direct physical contact. Avoid breathing vapors. Use only fn a well 
ventilated area, preferably under 
protective clothing. 

a fume-hood. Wear rubber gloves and 

rds Preoaratipn 

4 mg/ml Molinate Stock Solution: Weigh about 40 mg of Molinate into a clean 
10 ml volumetric flask and dilute with ethyl acetate to the mark. Correct for 
the purity of Molinate and record the concentration. 

. 

0.02 mglml Molinate Spiking Solution: Transfer 50 ul of the 4 mglml Molinate 
stock solution to a clean 10 ml volumetric flask and dilute with ethyl.acetate 
to the mark. Record the concentration. - 
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. ’ Samole Preoaration 

Prepare five audit samples from the 0.02 mglml Molinate spiking solution 
according to the following table: 

0.02 inglml 
Molinate 

: 25 15 
: 50 0 

5 15 

1. 

2. 

3. 

4. 

Break off the inlet end of the sample tube. 

Insert the syringe needle into the adsorbant bed of the primary section of 
the tube, and slowly inject the appropriate volume of Molinate solution. 
Do not allow.the liquid to run down the sides of the tube. 

Cap the open end of the tube with the plastic cap provided. 

Label each tube with its assigned number and store in a freezer until 
ready for analysis, 
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